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Abstract 
Based on the meaning of water resource exploitation and utilization potential, the year of 2009 was chosen as current 
year, the exploitation potentials and the water-saving potentials of the Yellow River basin by the years of 2020 and 
2030 were analyzed; the exploitation potentials were analyzed from surface water, groundwater and unconventional 
water resources; the water-saving potentials were analyzed from the water utilizations of agriculture, industry and 
city life (containing domestic, building industry and tertiary industry); besides doing better in water resources 
management, the Western Route Project is considered as the effective measure to release the imbalance between 
water supply and demand in the basin. 
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1. Introduction 
The Yellow River basin is known as energy basin for its hydropower resources in the upper reaches 
area, coal resources in the middle reaches area and oil and gas resources in the middle and lower reaches 
area. However, in the northwest there is too little water to match the abundant land and minerals. There 
have occurred years-lasted and provinces-extended droughts many times in the history. As the 
exploitation of economy and the immoderate human activities, the contradiction between water demand 
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and supply is becoming serious, and the environment is getting worse concurrently. To solve the problem 
of water resources shortage is necessary and urgent. 
2. Basic theory and methods 
There are broad sense and narrow sense of water resources exploitation and utilization potential. The 
front is defined as the difference amount between available quantity of the national economy and present 
water supply amount which can be used and controlled through engineering, and the water resources can 
be saved in present water usage by engineering and non-engineering measures [1]. And the latter doesn’t 
contain the amount from water-saving, which analyzed the further increased water resources amount only 
from open resources [2]. However, according to the appeal of setting up a water-saving society, the broad 
sense one is more practical.  
2.1. Water resources exploitation potential 
Water resources exploitation potential is analyzed in three aspects which are surface water, 
groundwater and unconventional water resources.  
Surface water resources exploitation potential is defined as the limit threshold value of water resources 
developing quantity, the available quantity of surface water resources deducting the water consumption 
(see Eq.1 and Eq.2). The available quantity often gained by surface water resources amount deducting the 
amount that cannot be used and unable to be used [2].  
Wsp=Wsa-Wp                                                                                                                                         (1) 
Wsa=Ws-Wn-Wu                                                                                                                                    (2) 
Where Wsp is the surface water resources exploitation potential; Wsa is the available quantity; Wp is the 
water consumption; Ws is the amount of surface water caused by local precipitation; Wn is the amount 
cannot be used, containing the releasing capacity left to be developed by downstream, the necessary 
amount to maintain the watercourse’s basic functions and ecosystem’s health; Wu is the amount unable to 
be used under various constraints, mainly the storm floods. All the units of the parameters are m3. 
Groundwater resources exploitation potential is defined as the difference between the available amount 
of groundwater and the consumption (barring return flow) [3]. The available amount of groundwater often 
indicates the groundwater can be constantly renewed and compensated during being developed, generally 
doesn’t contain the deep phreatic water during calculating.  
Unconventional water resources contain reclaimed water, rainwater and brackish water. Wastewater 
can be treated to reclaimed water with various quality levels for agriculture, industry, city life and 
groundwater recharge [4]. Rainwater can be collected by shed, forest road surface and small collections, 
and solve the problem of water shortage to some extent in the local. The brackish water is mainly used to 
irrigate, supply to city life, industry and environment after desalted and depurated. But it is still in the 
exploring stage and hasn’t been widely used. The exploitation of unconventional water resources are 
driven by economic benefit, pressure of water resources quality and environment, and so on.  
2.2. Water-saving potential 
Water-saving potential has two meanings that are supplied water-saving potential and consumptive 
water-saving potential. According to the national integrated water resources planning technique rules, 
the supplied water-saving potential is defined as the maximum possibility of water resources saved from 
the present physical quantity. And the potential is calculated by the difference between status level and 
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reference indexes achieved by integrated measures in different departments. In this condition, the saved 
water in a certain unit contains the reduced consumption and the returned flow. However, the saved water 
just transfers from one unit to others and it is still in the area [5]. With the development of understanding 
of the water saving definition, the evapotranspiration amount has been taken as new index to analyze the 
water saving potential[6], called real water saving potential (See Eq.3). 
Wr=Wu×α                                                                                                                                                    (3) 
Where Wr is real water-saving potential, m3; Wu is supplied water-saving potential, m3; α is the 
comprehensive consumption factor, the ratio of water consumption to the amount of water exploited, 
dimensionless. The main idea is to calculate the Wu based on analyzing the water quota, utilization factory, 
popularization rate of water-saving appliances, repeated utilization ratio in industry in the conditions of 
status quo level and after saving water, together with the physical quantity. 
Different indexes and measures should be taken in agriculture, industry and city life, based on the 
water-saving potentials analyzed [7,8]. The formulas are given in Table 1. 
Table 1. Formulas of different units and departments 
Formulas Explanations of parameters 
△Wa= A0×Q0×(1-η0/ηt) 
△Wa is water-saving potential by agriculture, m3;A0 is the actual irrigation area, m2; Q0 is the 
actual irrigation quota, m3/m2; η0,ηt is the water efficiency of irrigations of actual and future. 
△Win= Wt×(ηt-η0)+ △Win0 (Lt-L0) 
Wt= P0×Qint/(1-ηt) 
△Win is water-saving potential by industry,m3;△Win0 is actual amount of non-owned 
water,m3; Wt is industrial water consumption under the future water-saving indexes (the sum 
of water withdraw and repeated water ),m3; P0 is actual industrial added value, billion; Qint is 
water consumption per unit industrial added value in future, m3/billion yuan;η0,ηt are water 
repeating utilization factors of actual and future, %; L0,Lt are leakage rates of actual and 
future, %.  
△Wc=△Wc0×(Lt-L0)① 
△Wc is water-saving potential by cit life, m3;△Wc0 is water consumption of city life, m3; L0,Lt 
are leakage rates of actual and future, %. 
Explanations: ① water for city life contains domestic, building industry and tertiary industry. ② only leakage rate reducing caused 
water-saving be concerned in this paper, viz. engineering water-saving 
3. Case study: the Yellow River basin 
3.1. Water resources exploitation and saving in status quo level 
The amount of water supply and use has been increasing rapidly. Compared with 1980s, the net growth 
of water supply amount is 8 billion m3. The surface water is main composition of the water supply and 
has a rising trend. The groundwater amount has experienced creasing and decreasing. In all the units, 
except agriculture the amount of every unit has been increased.  
In 2009, the water supply amount is 50.3 billion m3 (containing 10.2 billion m3 water transferred to 
other basins) and the surface water accounts for 74.7%. The proportions of the departments are irrigation 
(68%), industry (14%), life (7%), forestry and fishery (6%), environment (3%), urban public (2%). 
The basin is an area with severe water shortage. But the water efficiency of water usage is lower and 
waste seriously. Especially in agriculture, the water efficiency of irrigation is lower than other basins.  
3.2. Water resource exploitation potential of the yellow river basin 
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3.2.1. Surface water resources 
Use the amounts in “87” water diversion scheme as surface water resources available amount of every 
province and autonomous region. The natural flow is 58 billion m3, 21 billion m3 used for water flow. 
However, considering the history impacts of the water resources amount of the Yellow River, the annual 
natural runoff is 53.5 billion m3 in the present underlying surface conditions. Based on the proportion of 
each sub-units in the “87” scheme, distribute the 53.5 billion m3 water resources into each province and 
autonomous region as the available amounts. The water consumption amounts refer to the water resources 
official journal. The surface water resources exploitation potentials are given in Table 2. 
3.2.2. Groundwater resources 
The groundwater resources in the Yellow River basin is mainly phreatic water and shallow 
groundwater that is renewable during the water cycle. The amount of fresh water resources (total 
dissolved solid≤2g/L) is 40.4 billion m3 and the exploitable amount is 12.0 billion m3. However, the total 
exploitation amount is 12.7 billion m3 in 2009. The amounts in each province refer to Water Resources 
Bulletin of the Yellow River 2009 and the results are given in Table 2. 
3.2.3. Unconventional water resources 
Unconventional water resource contains reclaimed water, rainwater and brackish water. 
The reclaimed water is almost from municipal domestic sewage. There are 36 sewage treatment plants. 
The total treatment capacity is 2.1 million ton per day and used amount is 136 million/a, accounting for 
2.25% of sewage discharge [9]. To estimate the reclaimed water potential, the relation of sewage 
discharge with re-utilization rate and demand should be set up.   
There are 2.25 million rainwater collection projects which mainly distribute in provinces with serious 
water shortage, such as Gansu, Ningxia, Shaanxi and Shanxi Provinces. However, in the perspective of 
water cycle, the rainfall interception as irrigation water and drinking water is appropriation of the 
groundwater recharge and runoff. And it’s only be used in the areas surface water or groundwater can’t 
meet producing and living needs. So the rainwater potential is limit for the high cost and irreasonability. 
Brackish water resource is 127 million m3 present and mainly distributes in Gansu, Ningxia and 
Shaanxi provinces. The amount is large and can improve the condition in some degree. The brackish 
water distributes in South of Ningxia, upper Jingluo River in North Shaanxi, inner flow area in Erdos, 
Zuli River, Qingshui River, Kushui River, inland rivers in Yanchi.  
3.3. Water-saving potential analyses in the Yellow River basin 
 
Fig.1Water-saving potential of different departments in each province 
The parameters in the formulas in Table1 refer to relative development plans, norms and standards, 
containing agricultural development planning of each province, Water-saving Irrigation Technical 
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Specifications(GB/T50363－2006), Standards for Controlling and Assessing of Urban Water Supply Pipe 
Network Leakage (CJJ92－2002), Standards for Water-saving Assessing of City Life, et al. The results of 
agriculture, industry and city life are given in Fig.1 and Table 2. 
Table 2. Water resource exploitation and water-saving potential of the basin  million m3 
Provinces 
Surface  
water 
Ground 
water 
Unconventional 
water in 2020 
Unconventional 
water in 2030 
Consumption  
factor 
Water-saving potential 
in 2020 
Water-saving potential in 
2030 
Supplied 
potential 
Real 
potential 
Supplied 
potential 
Real 
potential 
Qinghai -60 -110 20 40 0.73 370 270 500 370 
Sichuan 20 0 0 0 0.78 0 0 0 0 
Gansu -210 -620 230 360 0.76 480 360 630 480 
Ningxia -210 1190 90 130 0.55 1410 780 1800 990 
Inner 
Mongolia 
-690 520 140 220 0.79 1360 1070 1930 1520 
Shaanxi 820 460 360 570 0.74 630 470 840 620 
Shanxi 2680 -1080 170 300 0.8 440 350 590 480 
Henan 1330 -1280 150 280 0.82 680 560 930 760 
Shandong -2370 -850 80 130 0.96 280 270 400 390 
total 1310 -1770 1240 2030 0.78 5640 4400 7180 5600 
In the calculation, if returns the reasonless exploited resources, the potential is limited. The amounts 
are 780 and 1580 million m3, respectively.  
In the surface water exploitation, Shaanxi, Shanxi and Henan provinces remain potential, especially in 
Shaanxi and Shanxi constrained by topography. These should be seen as important exploitation areas and 
adopt some projects to change the water shortage conditions. But the water should be returned in the 
exhaustive exploitation areas such as Gansu, Ningxia, Inner Mongolia and Shandong provinces. In these 
areas, water conservation should be intensified and transferring water should be transferred.  
In the groundwater exploitation, Shaanxi, Shanxi and Henan provinces have high proportions of 
groundwater; Qinghai, Gansu, Shanxi, Henan and Shandong provinces are in the conditions of exhaustive 
exploitation with the amount of 2.9 billion m3; Ningxia, Inner Mongolia and Shaanxi provinces exploit 
less groundwater for the reason of mainly exploiting water resource in the Yellow River. However, the 
amount is only 2.1 billion m3 even exploiting it all.  
In the unconventional water potential, the water mainly distributes in Gansu, Inner Mongolia, Shaanxi, 
Shanxi and Henan provinces. Reclaimed water has a large proportion in unconventional water resources 
because it not only can reduce the environmental pollution, but also supply the resources. With the 
imbalance between supply and demand getting seriously, the exploitation amount will be larger gradually.  
The real water-saving potentials are 4.4 and 5.6 billion, respectively in 2020 and 2030. From the 
results, the basin has some water-saving potential; one reason is that the water use efficiencies are low; 
the other is tha the consumption factors are large that are all larger than 0.5 and most larger than 0.7. So, 
when water-saving measures taken, the relative consumption amounts will reduce largely. The water 
saving potential of different departments in each province in different level years see Fig.1.  
As shown in Fig.1, all the proportions of agriculture in these provinces are the most in all departments 
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except Shandong, which are larger than 90% in Ningxia and Inner Mongolia. The main reason is that 
irrigation water is the largest user in the basin and the irrigation efficiencies are as low as averagely 0.4-
0.5. The proportions of water-saving potentials in industry are different in the provinces, because it is 
constrained by the development level. The proportions of water-saving potentials life city and tertiary 
industry with a small fluctuation ranges are smaller, because the demand is smaller. 
4. Conclusion 
The water exploitation and water-saving potentials of surface water, groundwater, reclaimed water, 
rainwater and brackish water were calculated. The total potentials are 5.2 and 7.2 billion, respectively in 
2020 and 2030. The water-saving potentials are 4.4 and 5.6 billion, respectively, with agriculture having 
the biggest proportion in all the departments (larger than 3/4). However, the plans of increasing grain and 
new industrial bases for energy chemical industry in the middle reaches of Yellow River were not 
concerned in the calculation. In fact, the water demand in Henan for the grain increasing plan will be 5.2 
billion (7.8 billion kilos in plan and given the water productivity is 1.5kg/m3 which is the advanced level 
in our country). The saved water by calculating will not meet the increasing demand. Furthermore, the 
water demand in industrial bases will not be met by saving water. All the developments need new water 
resources. So advancing the Western Route Project actively is necessary to solve the problem of water 
shortage and to accelerate the speed of economic and social sustainable development.    
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